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ABSTRACT
Background: For low-carbohydrate diets, a public health approach
has focused on the replacement of carbohydrates with unsaturated
fats. However, little research exists on the impacts of saturated fat
intake on the lipid profile in the context of whole-food-based low-
carbohydrate weight-loss diets.
Objectives: The primary aim of this secondary analysis of the
DIETFITS weight loss trial was to evaluate the associations between
changes in percentage of dietary saturated fatty acid intake (%SFA)
and changes in low-density lipoproteins, high-density lipoproteins,
and triglyceride concentrations for those following a healthy low-
carbohydrate (HLC) diet. The secondary aim was to examine these
associations specifically for HLC dieters who had the highest 12-
month increases in %SFA.
Methods: In the DIETFITS trial, 609 generally healthy adults, aged
18–50 years, with body mass indices of 28–40 kg/m2 were randomly
assigned to a healthy low-fat (HLF) or HLC diet for 12 months. In
this analysis, linear regression, both without and with adjustment for
potential confounders, was used to measure the association between
12-month change in %SFA and blood lipids in 208 HLC participants
with complete diet and blood lipid data.
Results: Participants consumed an average of 12–18% of calories
from SFA. An increase of %SFA, without significant changes in
absolute saturated fat intake, over 12 months was associated with
a statistically significant decrease in triglycerides in the context of
a weight-loss study in which participants simultaneously decreased
carbohydrate intake. The association between increase in %SFA and
decrease in triglycerides was no longer significant when adjusting for
12-month change in carbohydrate intake, suggesting carbohydrate
intake may be a mediator of this relationship.
Conclusions: Those on a low-carbohydrate weight-loss diet who
increase their percentage intake of dietary saturated fat may improve
their overall lipid profile provided they focus on a high-quality diet
and lower their intakes of both calories and refined carbohydrates.
This trial was registered at clinicaltrials.gov as NCT01826591.
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Introduction
The 2015 Dietary Guidelines for Americans (DGA) recom-

mend consuming less than 10% of daily calories from saturated
fats, but more than 70% of Americans exceed this limit (1).
This emphasis on limiting saturated fat intake has continued for
decades based on the scientific understanding that dietary intake
of saturated fatty acids (SFAs) increases plasma LDL cholesterol,
whereas substituting mono- and poly-unsaturated fatty acids for
SFAs reduces LDL cholesterol concentrations (2–5). However,
evidence on the impact of SFAs on cardiovascular disease
(CVD) risk is more nuanced than guidelines suggest. Although
replacing dietary saturated fats with unsaturated fats is associated
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with reduced risk of CVD, substitution of saturated fats with
carbohydrates has been associated with either no improvement
or worsening of health outcomes (6–8). Furthermore, the effect
of particular foods on CVD risk cannot be predicted solely
by their SFA content (9). Individual SFAs may have different
cardiovascular effects, and major plant- and animal-based SFA
food sources contain a wide variety of other compounds that
could influence cardiovascular outcomes (10–12).

In parallel with the recent debate around the role of SFAs
in CVD risk, low-carbohydrate (low-carb) diets have risen in
popularity as challengers to low-fat diets in the context of
weight loss studies (13). According to the 2013 American
Heart Association/American College of Cardiology/The Obesity
Society Guideline for the Management of Overweight and
Obesity in Adults, a variety of dietary approaches including
low-fat and low-carbohydrate diets can produce weight loss in
overweight and obese adults provided a reduction in dietary
energy intake is achieved (14, 15). Some studies have reported
that low-carbohydrate diets may help people lose weight more
quickly and maintain that weight loss longer than, or equally
effectively as, low-fat diets (14, 16, 17, 10). There is also
evidence of improvement in CVD risk factors that result from a
low-carbohydrate weight-loss diet, such as decreases in plasma
triglyceride concentrations and increases in HDL cholesterol
concentrations (16). These changes in blood lipids may be driven
by the reduction in added sugars and refined carbohydrates that
typically occurs in parallel with an increase in total dietary fat
that occurs in low-carbohydrate diets (14, 16, 18–20).

A public health approach to low-carbohydrate diets has built
on this idea and focused on replacing refined carbohydrates with
unsaturated fats. Although the limitation of refined carbohydrates
is an important part of a high quality diet, this understanding
is often coupled with recommendations for limiting percentage
daily intake of total and saturated fat. Little research exists
on the relation between intake of SFAs and their effects on
the lipid profile in the context of a primarily whole-food, low-
carbohydrate weight-loss diet. In this secondary analysis, the
novel study design of the Diet Intervention Examining The
Factors Interacting with Treatment Success (DIETFITS) weight
loss trial, focused on high-quality diets, was harnessed to further
investigate the potential impacts of differential changes in dietary
SFA intake on serum LDL cholesterol, HDL cholesterol, and
triglyceride concentrations.

Methods

Study design

Detailed study methods of the DIETFITS trial were reported
previously (21). In brief, the study was a randomized controlled
weight loss trial of 609 participants that aimed to test whether
genetics (3-single nucleotide polymorphisms) or metabolic
predispositions (insulin secretion) at baseline could help explain
differential weight loss for those assigned to either healthy
low-carbohydrate (HLC) or healthy low-fat (HLF) diets. All
study procedures followed were in accordance with the ethical
standards of the Stanford University Human Subjects Committee
and in accordance with the Helsinki Declaration of 1975 as
revised in 1983. The study was conducted between January
2013 and May 2016. Participants were generally healthy women

and men, aged 18–50 y with BMIs of 28–40 kg/m2. Exclusion
criteria included uncontrolled metabolic disease or hypertension;
pregnancy or lactation; diabetes; cancer; cardiovascular, renal,
or liver disease; or use of medications that affect weight. Both
dietary weight loss interventions spanned 12 mo and included 22
group educational sessions with registered dietitian nutritionists
and clinical health educators. Data were collected at baseline and
months 3, 6, and 12 (21).

Of the total 609 study participants, 304 were randomly
assigned to the HLC group. For this secondary analysis, we
included only participants from the HLC group with complete
diet and plasma lipid data at baseline and 12 mo (n = 208).
The primary objective was to examine the associations between
12-mo changes in percentage SFA intake and changes in lipid
profiles (LDL cholesterol, HDL cholesterol, and triglycerides).
Participants in the HLC group were not given any instructions
regarding target energy or SFA intakes. Instead, they were asked
to achieve the lowest net carbohydrate intake that they could
maintain long term while focusing on eating a high-quality diet
made up primarily of whole foods.

Dietary intake was assessed using 3 unannounced, 24-h dietary
recalls within a 2-wk window at each data-collection time point.
Dietary recalls were collected using a standardized multiple-pass
interview approach (22). Lipids were measured at a laboratory
certified by the Centers for Disease Control and Prevention—
National Heart, Lung, and Blood Institute lipid standardization
program (the Krauss Lab at the Children’s Hospital Oakland
Research Institute, Oakland, CA) using fasting blood samples
collected at each time point (23). Plasma triglycerides and
HDL cholesterol were measured by enzymatic endpoint analysis,
whereas LDL cholesterol was calculated using the Friedewald
equation (24–27). Data collectors were blinded to the assigned
diets. Data managers had no role in the conduct of the study; data
were maintained using REDCap electronic data-capture tools
hosted at Stanford University (28).

Statistical analysis

Descriptive statistics were used to summarize saturated fat
intake and demographic information. For each participant at each
of up to 3 dietary recalls, saturated fat in calories was calculated
as saturated fat intake in grams multiplied by 9. Mean saturated
fat was calculated by averaging every available recall, up to 3
recalls at each time point, at baseline and at 12 mo. Percentage
SFA was calculated at baseline and 12 mo by dividing mean
saturated fat in calories by mean total calories. Finally, percentage
SFA change was calculated as the mean percentage SFA at 12 mo
minus the mean percentage SFA at baseline. Carbohydrate intake
was calculated as the mean carbohydrate intake in grams across
up to 3 dietary recalls at each time point. The 12-mo change
in carbohydrate intake was calculated as the mean carbohydrate
intake at 12 mo minus the mean carbohydrate intake at
baseline.

For ease of presentation, participants were divided into
tertiles according to the 12-mo change in percentage SFA
intake in a preliminary descriptive analysis: those who lowered
(lowest tertile), somewhat increased (middle tertile), or most
substantially increased (highest tertile) their percentage SFA
intake over the 12-mo study period. Pearson and Spearman
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correlation coefficients and scatter plots were used to examine
bivariate associations between percentage SFA change and lipid
outcomes. The 12-mo lipid differences between diet groups were
determined by t-test for those with available data at 12 mo.

In our primary analysis for each lipid variable, linear
regression was used to quantify the association between 12-mo
change in SFAs as a percentage of energy intake and 12-mo
change in the plasma lipids. This was done using 3 models: 1)
linear regression of 12-mo lipid change on 12-mo percentage
SFA change with no adjustment (unadjusted); 2) the same model
as 1) plus adjustment for age, gender, race and 12-mo change
in body weight (Model 1); and 3) the same model as 2) plus
additional adjustment for 12-mo change in carbohydrate intake
(Model 2) in order to assess whether carbohydrate intake may act
as a mediator of the association between percentage SFA intake
and lipid outcomes. This modeling approach allowed assessment
of the association of a 1% increase in percentage SFA intake
with 12-mo lipid changes. These analyses were performed using
percentage SFA and plasma lipid data as continuous variables.
Statistical significance of the variables included in the models
was assessed via a 2-sided Wald test with type I error at 0.05.

For comparison with the HLC analyses described above, all
descriptive and primary analyses were repeated for the HLF
group. Because the focus of this analysis is on the HLC group, and
for the sake of efficiency and space limitations, some of the HLF
data and findings are available in the supplemental materials. All
statistical analyses were performed using SAS University Edition
(SAS Studio 3.6; SAS Institute).

Results

Baseline characteristics of the study population

Retention at 12 mo in the DIETFITS trial (defined as
participants who provided any data at 12 mo) was 78% for
the HLC group (29). Although 238 out of the total 304 HLC
participants contributed at least some 12-mo data for the study,
this complete case analysis included only those with complete
diet and plasma lipid data at 12 mo (n = 208, 68% of those
randomly assigned to the HLC group) (Supplemental Figure
1). Among the tertiles of percentage SFA change in the HLC
group, there were no statistically significant baseline differences
in age, gender, education, weight, or plasma lipids; however,
there were significant differences in race/ethnicity and dietary
factors (Table 1). The highest tertile (those with the greatest
change in percentage SFA intake) had a slightly higher proportion
of non-Hispanic whites relative to the other tertiles. Baseline
kilocalories, fats, and protein, but not carbohydrate, were
different among tertiles. Baseline demographic characteristics
for the HLF group can be found in Supplemental Table
1. Additional HLF diet group results have been provided to
represent the full span of 12-mo changes in percentage SFA in
a broader context (Tables 2 and 3 and Figures 1 and 2).

There were no statistically significant differences in gender
and education between those in this analysis who did and did
not complete the study (Supplemental Table 2). Age, baseline
weight, race, and baseline LDL cholesterol differed modestly, but
significantly, between those in this analysis who did and did not
complete the study (P < 0.01), with those missing more likely to
be younger (mean age 38.2 ± 6.9 compared with 40.4 ± 6.6 y),

heavier (mean weight 99.9 ± 15.5 compared with 94.6 ± 15.5
kg), and have lower LDL cholesterol (109 ± 25.4 compared with
116 ± 26.1 mg/dL).

Saturated fat intake over 12 mo

For all tertiles in the HLC group, at all time points, the mean
percentage of calories consumed as SFA was greater than 10%,
which is the upper limit intake recommended by the Dietary
Guidelines for Americans 2015–2020 (1), with the lowest mean
percentage SFA intake occurring for the lowest tertile at 12
mo (12.1%) and the highest intake (18.2%) occurring for the
highest tertile at 3 mo (Figure 1A). For the HLF group (Figure
1B), mean percentage SFA intakes for all tertiles were greater
than 10% at baseline and dropped below 10% at all post-
randomization time points with the exception of the highest tertile
at 12 mo (11.6%). For both the HLC and HLF groups, there
were differences of approximately 20 g/d between the lowest
and highest tertiles for 12-mo change in saturated fat intake
(−12.8, 8.9 and −22.3, −2.0, respectively) (Table 2). However,
the mean daily intake in total grams of saturated fat for the
overall HLC group in this study did not change significantly from
baseline to 12 mo. Although 12-mo percentage SFA increased for
the HLC participants overall, these subjects concomitantly and
substantially reduced their energy (−506.7 ± 616.5 kcal) and
carbohydrate intakes (−111.9 ± 76.1 g) while participating in
the weight-loss study.

Twelve-month diet group differences in lipids

At 12 mo, lipid differences by diet group were significant for
all 3 lipid variables [mean (SD), mg/dL]: HLF had lower LDL
cholesterol than HLC—108.5 (28.8) compared with 119.8 (26.8),
P < 0.0001; HLC had higher HDL cholesterol than HLF—
53.1 (8.9) compared with 49.5 (9.5), P < 0.0001; and HLC had
lower triglycerides than HLF—100.6 (59.7) compared with 119.2
(65.5), P = 0.003.

Association between changes in saturated fat intake and
lipid profile

Changes in percentage SFA were correlated with changes in
LDL cholesterol, HDL cholesterol, and triglycerides: Pearson’s
r = 0.11 (P = 0.001), 0.13 (P = 0.0001), and −0.21(P = 0.0001),
respectively, showing significant positive correlations with LDL
cholesterol and HDL cholesterol, and a negative correlation
with triglycerides (Supplemental Figure 2A–C). The relations
between SFA and lipid outcomes were similar using Spearman
correlations for LDL cholesterol, r = 0.10 (P = 0.005), HDL
cholesterol, r = 0.19 (P < 0.0001), and triglycerides, r = −0.19
(P < 0.0001). Medians and interquartile ranges (IQRs) for 12-mo
changes in blood lipids in order from the lowest to highest tertiles
were: for LDL cholesterol, 2.7 (−10.3, 16.1), 2.9 (−12.5, 15.2),
and 5.9 (−9.5, 16.9) mg/dL (Figure 2A); for HDL cholesterol,
1.5 (−1.5, 5.0), 2.0 (−1.5, 5.0), and 5.5 (0.5, 10.0) mg/dL (Figure
2B); and for triglycerides, −16.0 (−46.0, 11.0), −24.0 (−40.5,
−1.5), and −28.5 (−56.0, −12.5) mg/dL (Figure 2C).

In our primary analysis, every 1% increase in percentage SFA
intake from baseline to 12 mo in the HLC group resulted in
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TABLE 1 Baseline demographics of the healthy low-carbohydrate weight-loss diet group by tertiles of 12-mo change in percentage dietary saturated fat1

Tertile2

Total (N = 208) Lowest (n = 69) Middle (n = 70) Highest (n = 69) P value3

Percentage change in saturated
fatty acid2 range (min, max)

2.9 ± 4.4 (−8.0, 21.5) −1.9 ± 2.3 (−8.0, 0.8) 2.9 ± 1.1 (0.9, 4.6) 7.5 ± 2.9 (4.7, 21.5)

Characteristics
Age, y 40.4 ± 6.6 40.1 ± 6.6 40.0 ± 6.9 41.2 ± 6.1 0.50

Sex, n (%) 0.89
Female 125 (60) 43 (62) 41 (59) 41 (59)
Male 83 (40) 26 (38) 29 (41) 28 (41)

Race, n (%) 0.04
White, non-Hispanic 132 (63) 40 (58) 40 (57) 52 (75)
Other 76 (37) 29 (42) 30 (43) 17 (25)

Education, n (%) 0.70
High school or less 7 (3) 1 (1) 4 (6) 2 (3)
College graduate 118 (57) 39 (57) 40 (57) 39 (57)
Postgraduate degree 83 (40) 29 (42) 26 (37) 28 (41)

Body weight, kg 94.6 ± 15.5 95.5 ± 14.8 94.7 ± 17.0 93.5 ± 14.9 0.76
Baseline diet

Energy, kcal 2199 ± 638 2293 ± 686 2287 ± 678 2015 ± 499 0.01
Carbohydrates, g 243 ± 73 243 ± 35 254 ± 68 233 ± 72 0.22
Fat, g 91 ± 34 102 ± 35 94 ± 36 78 ± 24 0.0001
Saturated fat, g 30 ± 13 36 ± 13 31 ± 13 24 ± 10 <0.0001
Saturated fat, % 12 ± 3 14 ± 3 12 ± 2 11 ± 3 <0.0001
Unsaturated fat, g 54 ± 20 57 ± 22 56 ± 23 48 ± 15 0.01
Protein, g 92 ± 29 99 ± 32 93 ± 29 85 ± 22 0.02

Plasma lipids, mg/dL
LDL cholesterol 116 ± 26 116 ± 25 113 ± 25 119 ± 28 0.48
HDL cholesterol 50 ± 9 50 ± 10 51 ± 8 50 ± 8 0.74
Triglycerides 126 ± 60 123 ± 49 125 ± 63 130 ± 67 0.79

1Data are expressed as means ± SDs unless otherwise indicated.
2Tertiles are based on 12-mo change in percentage dietary saturated fat from baseline. See Table 2 for values.
3P values from 1-factor ANOVA for continuous variables (age, weight, baseline diet variables) and chi-squared tests for categorical variables (sex, race,

education).

a statistically significant decrease in triglycerides without any
significant changes in LDL cholesterol or HDL cholesterol in
both the unadjusted model and after adjustment for age, gender,
race, and weight change (Model 1) (Table 3). However, results for
triglycerides were no longer statistically significant after further
adjustment for 12-mo change in carbohydrate intake (Model
2). Directions of changes for all lipid outcomes in response
to each 1% increase in SFA intake remained stable regardless
of adjustment. Of the confounders included in the adjusted
models, weight change was the only factor that was significantly
associated with lipid outcomes (P < 0.05 for HDL cholesterol,
P < 0.0001 for triglycerides).

Discussion
In this secondary analysis of a randomized controlled weight

loss trial for generally healthy adults, participants who increased
their percentage of energy from saturated fat improved their
overall lipid profiles in the context of reducing their overall
calorie and carbohydrate intakes and eating a healthy, low-
carbohydrate weight-loss diet focused on whole and plant-based
foods. Within the HLC group, mean 12-mo changes in LDL
cholesterol concentrations were not associated with changes
in percentage SFA intake. Moreover, the tertile that displayed
the largest increase in percentage SFA (the highest tertile)

experienced a significant decrease in triglycerides and a modest
increase, albeit insignificant, in HDL cholesterol. These findings
suggest that the context of the relatively high percentage of
saturated fat intake is important to consider when balancing
guidance for weight loss and related metabolic parameters.

These post hoc analyses also contribute to the scientific debate
on the issue of dietary fat and its association with both CVD
and obesity. For several decades, national dietary guidelines have
recommended that Americans follow dietary patterns in which
a maximum of 30% of energy is obtained from total fat, and a
maximum of 10% is obtained from saturated fat. These explicit
numbers have stayed largely unchanged since the USDA and the
US Department of Health and Human Services first established
quantitative recommendations for dietary fat and saturated fat in-
takes in the 1990 Dietary Guidelines for Americans (DGA) (30).
These fat-limiting recommendations have largely been driven by
2 separate but related health concerns—CVD and obesity.

Indicators that the controversy around total dietary fat
recommendations has largely subsided in recent years include
the raising of the recommended upper limit of total fat intake
from 30% to 35% of energy intake in the 2010 DGA, and
then the removal of this upper limit entirely in the 2015 DGA
(31). However, the national DGA continue to recommend a 10%
SFA limit, and other organizations have placed even stricter
limitations on saturated fat intake (1). The 2013 American Heart
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TABLE 2 Mean changes from baseline in diet and weight by tertiles of 12-mo change in percentage dietary saturated fat1

Tertile

12-mo change Total (n = 208) Lowest (n = 69) Middle (n = 70) Highest (n = 69)

Healthy low-carb
Percentage change in saturated fatty acids2 2.9 ± 4.4 − 1.9 ± 2.3 2.9 ± 1.1 7.5 ± 2.9
Range min, max −8.0, 21.5 −8.0, 0.8 0.9, 4.6 4.7, 21.5
Energy, kcal − 506.7 ± 616.5 − 605.5 ± 641.5 − 528.0 ± 627.5 − 386.3 ± 566.5
Carbohydrates, g − 111.9 ± 76.1 − 87.4 ± 71.0 − 115.3 ± 75.4 − 132.9 ± 75.7
Saturated fat, g − 1.9 ± 14.1 − 12.8 ± 11.8 − 1.7 ± 10.0 8.9 ± 11.3
Unsaturated fat, g − 3.0 ± 23.8 − 10.9 ± 23.6 − 2.8 ± 22.8 4.9 ± 22.6
Body weight, kg − 6.3 ± 6.8 − 4.7 ± 7.3 − 6.1 ± 5.9 − 8.3 ± 6.7

Healthy low-fat
Percentage change in saturated fatty acids − 2.6 ± 3.6 − 6.7 ± 1.8 − 2.3 ± 0.9 1.2 ± 1.9
Range min, max −12.6, 6.8 −12.6, −4.1 −4.0, −1.1 −1.0, 6.8
Energy, kcal − 484.3 ± 625.8 − 665.3 ± 534.3 − 428.9 ± 694.4 − 359.4 ± 597.1
Carbohydrates, g − 36.1 ± 81.3 − 30.2 ± 72.9 − 32.1 ± 89.2 − 46.1 ± 80.1
Saturated fat, g − 11.4 ± 12.3 − 22.3 ± 9.4 − 9.7 ± 9.5 − 2.0 ± 8.4
Unsaturated fat, g − 18.6 ± 21.7 − 28.6 ± 20.6 − 16.9 ± 22.1 − 10.3 ± 18.3
Body weight, kg − 5.6 ± 7.3 − 7.3 ± 8.0 − 5.5 ± 7.2 − 3.9 ± 6.4

1Data are expressed as means ± SDs.
2A positive change means an increase in percentage saturated fatty acids from baseline.

Association/American College of Cardiologists Guideline on
Lifestyle Management to Reduce Cardiovascular Risk recom-
mends that for patients who would benefit from lowering their
LDL cholesterol, only 5–6% of energy intake should come from
saturated fat (32). Notably, the mean percentage SFA intake for
the entire HLC group in this secondary analysis was 15% at
12 mo, and all 3 tertiles of 12-mo percentage SFA change had
mean percentage SFA intakes greater than 10% at all study data-
collection time points.

In comparison with the HLC group, the percentage SFA-LDL
relation appears stronger (greater in magnitude) for the HLF
group (Table 3). One interpretation of this is that the percentage
change in total energy intake from saturated fat could have a
larger effect on LDL cholesterol for those who consume lower
levels of either saturated or total fat. Meanwhile, both HDL
cholesterol and triglycerides improved at a greater magnitude for
the HLC group than for the HLF group. Furthermore, the increase
in percentage SFA in the HLC group was primarily driven by

TABLE 3 Linear regression model estimates for the association between a 1% increase in saturated fatty acid intake
and 12-mo change in plasma lipids1

Characteristics
Unadjusted estimate

(95% CI) Model 12 (95% CI) Model 23 (95% CI)

Healthy low-carbohydrate (n = 208)
LDL-C, mg/dL 0.50 (−0.12, 1.13) 0.42 (−0.22, 1.08) 0.42 (−0.25, 1.08)
P value 0.11 0.19 0.22
HDL-C, mg/dL 0.19 (−0.01, 0.40) 0.13 (−0.08, 0.34) 0.13 (−0.08, 0.34)
P value 0.06 0.22 0.23
Triglycerides, mg/dL − 2.28 (−3.74, −0.83) − 1.52 (−2.95, −0.08) − 1.25 (−2.71, 0.20)
P value 0.002 0.04 0.09

Healthy low-fat (n = 208)
LDL-C, mg/dL 0.94 (0.18, 1.70) 0.99 (0.20, 1.78) 1.07 (0.28, 1.86)
P value 0.02 0.01 0.01
HDL-C, mg/dL 0.10 (−0.13, 0.33) 0.11 (−0.13, 0.35) 0.13 (−0.11, 0.37)
P value 0.39 0.38 0.29
Triglycerides, mg/dL 0.76 (−1.34, 2.86) − 0.37 (−2.46, 1.72) − 0.31 (−2.41, 1.80)
P value 0.48 0.73 0.77

1The models were conducted via 2-sided Wald tests at a significance level of 0.05. HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol

2Adjusted for age, gender, race, and weight change.
3Adjusted for age, gender, race, weight change, and 12-mo change in carbohydrate intake.
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FIGURE 1 Mean percentage dietary saturated fat over 12 mo by tertiles of 12-mo change percentage dietary saturated fat for the (A) healthy low-
carbohydrate and (B) healthy low-fat weight-loss group. N = 208, per group.

a substantial decrease in carbohydrate intake and corresponded
to only a modest change in absolute grams of saturated fat.
In line with this observation, the association between 12-mo
change in percentage SFA and 12-mo change in triglycerides was
no longer significant after adjusting for 12-mo change in total
carbohydrate intake (g). Research shows that decreasing intake of
refined carbohydrates is associated with decreases in triglyceride
levels (33, 34). The findings of this analysis further suggest that
more research is needed to determine whether and how much this
decrease in triglycerides is independently affected by an increase
in percentage SFA intake.

The DIETFITS trial and this secondary analysis have many
strengths. The DIETFITS study had a large sample size (N = 609)
that included roughly equal proportions of women and men,
good retention, and a sufficient duration to evaluate long-term
effects of the dietary interventions. These factors, in addition to
relatively comparable baseline characteristics between both the
participants included in this analysis and those missing, minimize
the potential for withdrawal bias—a factor that could decrease
generalizability. Because this study included generally healthy
overweight and obese adults, it has potential generalizability to
a large segment of the US population.
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FIGURE 2 Scatterplots of 12-mo change in percentage SFA with 12-mo changes in lipids. For the healthy low-carbohydrate group: (A) LDL cholesterol,
(B) HDL cholesterol, and (C) triglycerides. For the healthy low-fat group: (D) LDL cholesterol, (E) HDL cholesterol, and (F) triglycerides. Pearson and
Spearman correlations, using unadjusted data. Corr, correlation; HDL-C, HDL cholesterol; LDL-C, low-density lipoprotein cholesterol; SFA, saturated fatty
acid.

Inherent to the nature of a secondary analysis, the main
limitation of this study is that participants were not randomly
assigned to different concentrations of saturated fat intake; this is
essentially an observational substudy nested within a randomized
control trial. Another limitation is the inability to differentiate

the independent contributions of concomitant changes occurring
in the diets, such as the parallel increase in percentage SFA
with the decrease in grams of carbohydrate intake. This has
been addressed in the current analysis that suggests a diminished
relation between 12-mo change in percentage SFA and lipid
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outcomes when additionally adjusting for 12-mo change in
carbohydrate intake (Table 3, Model 2). Although the change in
fat intake was accompanied by a commensurate 12-mo change
in carbohydrate intake for the HLC group, this corresponding
increase and decrease in different diet components is common
in all diet studies of this nature and is difficult to isolate. A third
limitation is that by measuring blood lipid outcomes as 12-mo
change, we may have masked short-term effects of dietary intake
on blood lipids. However, reporting blood lipid outcomes as
12-mo changes takes advantage of the longest-term data available
that are likely most relevant to clinicians counseling patients
in the real world. A final limitation involves the approach to
identifying the tertiles of groups that had the smallest compared
with the largest changes in percentage SFA. The tertile groups
were dissimilar at baseline (Figure 1), and as might be expected,
the tertile that had the largest increase by 12 mo started with the
lowest level of percentage SFA at baseline (i.e., likely involving
some baseline under-reporting and having the most opportunity
for increase). Conversely, the tertile that had the smallest increase
by 12 mo had the highest level of percentage SFA at baseline
(i.e., likely involving some baseline over-reporting and having the
most opportunity for decrease). Despite the likelihood of the role
of regression to the mean, the tertile that increased the most in
percentage SFA over time did end up with substantially higher
percentage SFA than the other 2 tertiles at 12 mo.

Further research is needed to assess the role of LDL particle
size in saturated fat’s effect on CVD risk. The ability of SFAs to
increase LDL cholesterol concentrations and, presumably, CVD
risk may be due in part to differential effects of saturated fat
on different LDL subclass concentrations. In particular, small,
dense LDL particles (pattern A) are more strongly associated
with CVD risk than large LDL particles (pattern B) (32, 35–
38). Furthermore, recent clinical trial evidence suggests that
moderately restricted carbohydrate diets rich in plant-based fat
improve plasma lipid profiles and cardiovascular outcomes (11,
10). This study did not separate the analysis between plant-
and animal-based saturated fat. Thus, the differential effects of
plant- and animal-based sources of saturated fat on cardiovascular
outcomes should be investigated further.

These findings may have clinical relevance for physicians
in terms of filling a gap in evidence available to guide
counseling regarding percentage saturated fat intake in the
context of promoting successful weight loss by following a high-
quality, whole-food, low-carbohydrate diet. Specifically, these
secondary analyses support shifting the focus from concern about
percentage SFA intake on the overall lipid profile to instead
aiming to maintain a relatively stable absolute level of saturated
fat intake while focusing on improving the quality of the overall
diet by incorporating more whole foods and decreasing processed
carbohydrates as much as possible.
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